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a b s t r a c t
Many countries around the world are planning to reach 100% renewable energy use by 2050. In this
context and due to the recent sharp increase in RE utilization in the global energy mix along with
its progressive impact on the world energy sector, the evaluation and investigation of its effect on
achieving sustainable development goals are not covered sufficiently. Moreover, an assessment of
the emerging role of artificial intelligence for renewable energy utilization toward achieving SDGs
is conducted. A total of 17 SDGs were divided into three groups, namely, environment, society, and
economy, as per the three key pillars of sustainable development. Renewable energy has a positive
impact toward achieving 75 targets across all sustainable development goals by using an expert
elicitation method-based consensus. However, it may negatively affect the accomplishment of the 27
targets. In addition, artificial intelligence can help renewable energy enable the attainment of 42 out
of 169 targets. However, with the current exponential growth of renewable energy share and artificial
intelligence development and addressing certain present limitations, this impact may cover additional
targets in the future. Nevertheless, recent research foci overlook essential aspects. The exponential
growth of renewable energy share and rapid evolution of artificial intelligence need to be accompanied
through the requisite regulatory insight and technology regulation to cover additional targets in the
future.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Issues concerning the utilization and supply of energy are re-
ated to global warming and environmental challenges, such as air
ollution, forest destruction, ozone depletion, acid precipitation,
reenhouse gases (GHGs), water and land use, wildlife loss, and
adioactive emissions (Salim et al., 2018). Besides, the current
nergy supply impacts the economic and social sectors, thereby
ausing a range of pressing socio-economic challenges (Simon,
020). If humanity wants to reach a promising and brighter
nergy future with reduced environmental, economic, and social
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alshetwi@fbsu.edu.sa (A.Q. Al-Shetwi).ttps://doi.org/10.1016/j.egyr.2021.08.172
352-4847/© 2021 The Authors. Published by Elsevier Ltd. This is an open access a
c-nd/4.0/).impacts, these challenges need to be addressed together. For
this purpose and to overcome the well-known adverse effects
of conventional energy plants (i.e., coal, oil, and natural gas) on
sustainability development, the world now turned to use these
resources within some limit. It turned the thinking toward re-
newable energy (RE) sources (i.e., wind, solar photovoltaic (PV),
hydropower, geothermal, tidal, biomass, etc.) (Ediger, 2019). With
the use of RE sources, the environmental, economic, and social
issues can be reduced because these options are considered to
help achieve an environmentally sound technology; low electric-
ity cost; job creation; improved health; community development,
especially in rural areas and developing countries; no or little
emission production of poisonous and exhaust gases, such as
sulfur dioxide, carbon monoxide, and carbon dioxide (Kumar,
2020a). Therefore, by the end of 2020, the renewable power
sector has reached an all-time high of more than 256 GW of
added capacity. Worldwide, the total installed renewable powerrticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

































































apacity grew almost 10% to reach 2839 GW (Global Status Re-
ort, 2021). The electricity generation capacity via renewable
ources in 2020 has be increased by 139 GW of solar PV, 93 GW of
nstalled wind, 20 GW of hydropower, 0.1 GW of new geothermal
ower generating capacity came online in 2020, bringing the
lobal total to around 14.1 GW, and 527 MW of ocean power
ncluding tidal capacity (Global Status Report, 2021). However,
ased on the International Energy Agency (IEA) (International
nergy Agency (IEA), 2021), RE use increased 3% in 2020 as
emand for all other fuels declined. The primary driver was
n almost 7% growth in electricity generation from renewable
ources. Accordingly, the share of renewables in global electric-
ty generation jumped to 29% in 2020, up from 27% in 2019.
ioenergy use in industry grew 3%, but was largely offset by a
ecline in biofuels as lower oil demand also reduced the use of
lended biofuels. Renewable electricity generation in 2021 is set
o expand by more than 8%, the fastest year-on-year growth since
he 1970s. Solar PV and wind are set to contribute two-thirds of
enewables growth. Increases in electricity generation from all
enewable sources should push the share of renewables in the
lectricity generation mix to an all-time high of 30% in 2021 (In-
ernational Energy Agency (IEA), 2021). In the same context, after
ears of development and evolution, artificial intelligence (AI)
ow began to affect our daily lives deeply and is starting to
ave a considerable impact on the fields of sustainable growth
nd development (Vinuesa et al., 2020). In line with this, AI
as an essential role in the dramatic increase in RE utilization
nd contribution to the energy mix, as well as the potential to
evolutionize the RE sector (Vinuesa et al., 2020; Jha et al., 2017).
he AI applications and approaches for developing the RE include
afety and reliability improvement, cost reduction, strategies to
educe environmental and climate impacts, increase the energy
fficiency, expand RE market, improve integration of microgrids
MG) and smart grid, produce more accurate predictions of RE,
nd optimal operation of RE sources (Zahraee et al., 2016). Other
ethods have been used to improve the tidal energy turbine
or better performance and efficiency (Alipour et al., 2020a,b).
herefore, based on the literature studies, the applications of
I for RE operation and utilization (AI-based RE) always had a
ositive impact on RE utilization, and the negative impact is
lmost negligible.
The RE utilization and AI-based RE have a role in the future of
ustainability, either for long- or short-term. Based on the litera-
ure, the potential effects of RE and AI-based RE positively affect
ustainable development, while the RE utilization may have some
egative impacts (Vinuesa et al., 2020; Buonocore et al., 2019;
erini et al., 2018). Some recent studies focused on linking the
elationship between the achievement of the 7th goal (affordable
nd clean energy) of the sustainable development goals (SDGs)
nd RE (Ediger, 2019; Swain and Karimu, 2020). However, no
esearch article has systematically examined the degree to which
E utilization and AI-based-RE could affect all facets of sustain-
ble development identified in this research. The 169 targets of
he 17 SDGs agreed internationally in the sustainable develop-
ent agenda 2030 (GA, 2015). This research gap is critical. Thus,
t must be filled due to the fact that the RE utilization could affect
he capacity to achieve the 169 targets of SDGs.
Therefore, this study presents, discusses, and explores how
E can either affect the achievement of all 169 targets within
he 17 goals which are defined in the sustainable development
genda 2030 positively or negatively. Moreover, if the RE impacts
specific target, we discussed and identified if AI implementation
as a role on RE for this particular target. Connections were
efined by the processes outlined in the Method section below.
he method can be characterized by an expert elicitation method-
ased consensus which was notified by earlier research targeted
5360at mapping SDGs interlinkages (Nerini et al., 2018, 2019; DeNeve
and Sachs, 2020). Moreover, we present an assessment attempt
based on the published evidence, which is characterized as an
enabler or inhibitor to identify the impact of RE utilization and
development on the pursuit of the 17 SDGs and every one of its
constituent targets. The evidence on the impact of AI utilization
in RE is also investigated. The RE sources considered in this study
include wind, solar PV, hydropower, tidal, marine, geothermal,
and biomass energies. Concerning AI utilization for RE sources,
although the definition of AI is not internationally accepted, each
software technology that has at least one of the following fea-
tures was considered AI for this study: optimization (i.e., optimal
operation of RE sources and efficiency enhancement), prediction
(i.e., weather forecast), interactive communication (i.e., smart
grids), automatic knowledge extraction (i.e., scheduling based on
the price and whether conduction), and efficient problems solving
(i.e., reduce cost and CO2, modeling, availability prediction, and
control of RE systems). Other sub-files, such as machine learning,
are considered AI, and its impact on RE systems is also considered.
2. Methods of the study
This section describes the procedure used to achieve the find-
ings reported in the current. The main aims of this study were
to discuss and explore how RE can either affect the achievement
of the adopted 2030 agenda positively or negatively for sustain-
able development that includes 17 SDGs with their 169 targets.
Moreover, if the RE has an impact on a specific target, then
we discussed and identified the role of the AI implementation
on RE in this particular target. Toward this goal, we performed
an expert elicitation procedure focused on consensus, advised
by previous research on the interlinkage mapping of SDGs. The
writers of this research are part of the academic field that covers
a wide assortment of areas, especially concerning energy, en-
gineering, environmental, and natural sciences, which serve as
experts within the elicitation technique. To support the estab-
lished linkage between RE and AI utilization for RE with the 169
targets, the authors conducted an expert-driven academic publi-
cation search. In this search, the following sources of knowledge
were deemed to be appropriate evidence: (a) research published
on actual-international applications provided that the analyzed
publications have adequate quality; (b) research published on
laboratory/controlled eventualities provided that the publications
taken into consideration within the evaluation have been of ade-
quate quality; (c) published data, reports, and published evidence
from authorized/accredited organizations, such as government
bodies and UN; and (d) applications recorded on the commercial
level. The following resources of knowledge were not deemed to
be sufficient proof: (a) actual-international applications with lack
of peer-reviewed study; (b) media; (c) public beliefs; (d) educated
assumptions; and (e) other means of knowledge.
2.1. Expert elicitation process
In this stage, one or more key contributors were assigned to
particular SDGs. However, in certain cases, the same SDG was
assigned to more of other contributors. To this end, the first
search was carried out by the first contributor, and the addi-
tional contributor added the analysis. In some cases, the first
contributors added the analysis along with the additional one.
The authors have made an effort to search for each target and
provided evidence that has adequate quality, if available. When
the assessment is finished for each SDG, a reviewer/s evaluated
the contact and causes. The reviewers’ key contribution is to
assess the study objectively and provide alternate points of view.
Finally, a broad discussion for the outcomes with respect to






























































very single goal between the contributors and reviewers was
arried out recursively until the assessment for the 17 goals was
airly perfect. The detailed expert elicitation assessment is done
ased on creating a framework, elicitation of expert structure, and
onsumption of experts’ judgment, as illustrated in Fig. 1.
.2. Final analysis
In this stage, after finding consensus on the assessment of
he evidence for each goal (briefly shown in Table 1), analysis of
he final results has been conducted by determining the number
f targets for which RE utilization acts positively, negatively, or
f no evidence is found. The final assessment in percentage is
hown in Table 2. Then, when the RE has a positive impact on
specific target, the following question is answered based on
he published evidence ‘‘Is there any role for AI application for
elping the RE to serve as an enabler for this target?’’ and the
umber of targets in this regard is evaluated. Next, we evaluated
he findings and measured the proportion (in percentage %) as
positive impact, negative impact, AI role, and no effects for
very one of the 169 targets within the 17 goals (Fig. 2 based
n the final results of Table 1). The 17 SDGs were divided into
hree groups, including Environment, Society, and economy, fol-
owing the grouping/classifications described by Ref. Giddings
t al. (2002) and Savelyeva and Douglas (2017). Observing the
ndividual outcomes from each of these groups is highlighted. For
ach goal of each SDG, these statistics show whether any reported
vidence has a positive or negative effect, and the positive role of
I application in RE utilization was identified. A summary of the
indings can be found in Fig. 2.
.3. Limitations of the research
The investigation and assessment presented in this study re-
lect the authors’ point of view. In addition, a few works of
iterature on how the RE and role of AI applications for RE uti-
ization influence certain targets within the 17 SDGs could have
een overlooked by the contributors, or proof of such interlinkage
ould not be reported yet. However, the approaches were used to
educe the assessment’s subjectivity. For every interlinkage, sev-
ral authors assessed, analyzed, and reviewed various published
vidence on the impact of RE utilization and AI applications on
E sources carefully to highlight its delivery of every target, as
iscussed in the section of the expert elicitation process above.
n this regard, it is important to mention that the experts who
re fully specialized in social sciences are not present on the
oard — which can be seen as a shortcoming. Apart from that,5361and based on the literature, the applications of AI for RE opera-
tion and utilization (AI-based RE) always had a positive impact
on improving RE utilization, and the negative impact is almost
negligible. Therefore, even though the negative impacts in this
regard are insignificant, not taking this option in the assessment
provided could be considered a limitation in this study. One
more limitation is that the RE used in this analysis is limited to
the power generation resources, such as PV, wind, geothermal,
biomass, hydropower, and marine energies. Lastly, this research
is based on SDGs analysis. The SDGs offer a solid perspective to
look at globally defined objectives on sustainable development
and provide a path forward for reflecting all aspects of sus-
tainability, including social sustainability, human rights (United
Nations Human Rights, 2016), environmental development, and
economic outcomes. However, the SDGs are a political settlement
and could be restricted to describing a few dynamic complexities
and cross-interactions among different targets. Consequently, it
must be considered as a complement along with former, existing
and other international norms in place of a replacement (Nerini
et al., 2019).
3. Assessment on the impacts of RE utilization toward achiev-
ing SDGs
To assess the impact of RE and AI-based RE utilization on each
of the 169 targets within the 17 SDGs in the 2030 agenda, we
undertook a method designed to answer two questions: (i) Are
ieces of evidence of the RE utilization role either positively or
egatively toward achieving this particular target published? If
es, then the second question is (ii) Are pieces of evidence about
he role of the implementation of AI to the RE systems toward
chieving this specific target available? The review assessment of
he related literature indicates that RE has a positive impact on 75
argets, which represent 44.3% across the entire SDGs. However,
ith the current exponential growth of RE share, these impacts
ay cover additional targets in the future. Furthermore, 27 tar-
ets (15.8%, across the whole of SDGs) can reveal the negative
ffect of the blooming of RE. Also, based on the literature (Vinuesa
t al., 2020; Jha et al., 2017; Hannan et al., 2020e) and the review
f relevant evidence, AI positively impacts RE utilization, such as
mproving efficiency, operation, and production while reducing
he cost and emissions. Thus, AI use in RE has a positive role
nd may act as an enabler toward achieving 42 targets (24.85% of
ll SDGs), commonly by technical enhancement, which can allow
hese existing limitations to be overcome. To organize the out-
omes of this review, the SDGs are classified into three groups as
er the three key pillars of sustainable development, particularly
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he economy, environment, and society (Giddings et al., 2002;
avelyeva and Douglas, 2017). Classifying the groups into the
hree domains enables the authors to have an accurate overview b
5362f the broad areas that impact RE utilization and AI-based RE im-
lementation. We also presented the outcomes obtained (Fig. 3)
y weighting the appropriateness of the evidence provided in
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P = Positive Impact of RE, N = Negative impact of RE, P (AI) = AI application for RE has positive impact for this specific target. N/A = The authors have not found any articles/academic writings that
elate RE and AI-based with this target goal up to date.able 2
esults of SDG’s target analysis with percentage (%).






% Is there any
role for AI?
% No evidence %
1 No poverty 7 5 71.42 2 28.5 0 0 2 28.57
2 Zero Hunger 8 3 37.50 1 12.5 2 25 5 62.5
3 Good health and well-being 13 2 15.38 1 7.69 1 7.69 11 84.61
4 Quality education 10 6 60 2 20 5 50 3 30
5 Gender equality 9 1 11.11 0 0 0 0 8 88.88
6 Clean water and sanitation 8 4 50 1 12.5 4 50 3 37.5
7 Affordable and clean energy 5 5 100 0 0 5 100 0 0
8 Decent work and economic growth 12 6 50 1 8.33 2 16.66 6 50
9 Industry, Innovation and infrastructure 8 6 75 1 12.5 3 37.5 2 25
10 Reducing inequality 10 3 30 0 0 0 0 7 70
11 Sustainable cities and communities 10 6 60 3 30 6 60 4 40
12 Responsible consumption and production 11 6 54.54 1 9.09 4 36.36 5 45.45
13 Climate action 5 4 80 1 20 3 60 1 20
14 Life below water 10 5 50 4 40 1 10 5 50
15 Life on land 12 3 25 5 41.6 2 16.66 7 58.33
16 Peace, Justice, and Strong institutions 12 1 8.33 1 8.33 0 0 11 91.66
17 Partnerships for the goals 19 9 47.36 3 15.7 4 21.05 10 52.63
Total 169 75 44.3% 27 15.97% 42 24.85% 90 53.2%5363
M.A. Hannan, A.Q. Al-Shetwi, P.J. Ker et al. Energy Reports 7 (2021) 5359–5373Fig. 2. Assessment outline of the negative and positive impact of RE utilization, including AI, on different SDGs. Reported evidence on the possibility for RE utilization
on the 17 SDGs as (a) positive impact, (b) negative impact, and (c) application of AI for RE as an enabler.every reference to evaluate an affinity (the interlinking) with
respect to the targets assessed (in percentage), as explained in
Section 2.
3.1. RE utilization and environmental outcomes
Most researchers agreed that the RE projects had enhanced
environmental impacts. For example, carbon dioxide gas elimi-
nation and climate change understanding within the world pop-
ulation and contribute toward achieving the related SDGs ef-
fectively (Buonocore et al., 2019; Muh et al., 2018). However,
RE utilization with environmental impact has limited negative
effects, especially in marine renewable sources (Shields et al.,
2011; Miao, 2014). In this context, our assessment of relevant
evidence indicates that within the environment group, 45 targets
(45%) must benefit from the development and utilization of RE
sources (Fig. 4). For instance, in SDG 13, on climate change, RE
can act as a positive impact toward achieving 80% of its target
effectively. Based on the evidence, the RE sources could act as5364an enabler toward achieving 50% and 25% of the SDG 13 and
SDG 14 targets, respectively. Notably, the positive impact ratio
(45%) would increase because of the continuous development of
RE sources and its application to cover many sectors and address
certain present limitations. Benefits from RE for environment
group (SDG13, SDG14, and SDG15) can be summarized on its
ability to reduce the GHG produced from traditional fuels (Solaun
and Cerdá, 2019); minimize some kinds of air pollution (Alvarez-
Herranz et al., 2017); reduce climate-related hazards, such as
CO2 emissions (Khayyam and Nazar, 2021); reduce the effects
of ocean acidification (Clements and Chopin, 2017); and many
other benefits to the life, land, water, and forests to maintain
the ecosystem (Oakleaf et al., 2019; Konietzko et al., 2020). For
instance, looking at targets 13.1 and 13.2, which call to climate-
related hazards and incorporate action on climate change into
national strategies, strategies, and planning. Many evidence con-
firmed that the utilization of RE resources would reduce the CO2
emission in the power sector to approximately 70% by 2050,
according to the plan published in the US (Khanna et al., 2016),
















Fig. 3. Impact of the RE and the emerging role of AI for RE utilization in each SDG toward achieving the 17 SDGs. Sankey diagram summarized the positive impact,
egative impact, and the role of AI for RE utilization for all SDGs. Thick and thin lines correspond to the high and low impact of each SDGs.Fig. 4. Thorough evaluation of the effect of RE utilization at the SDGs within the environment group (SDGs 13, 14, and 15).ew Zealand (Walmsley et al., 2014), and Europe (Walmsley
t al., 2014). Additionally, to enhance the condition of ecosystems,
I applications can play an important role in helping RE in this
egard. For instance, using some optimization methods will re-
uce the emission (target 15.1) in the MG system that consists of
ive different RE sources to 8.1% using backtracking search algo-
ithm (Abdolrasol et al., 2018) and to 8.4% using particle swarm
ptimization (Hannan et al., 2019) in comparison to that without
sing these methods. One more example is target 15.2, which
ims to manage all types of forests. This target can benefit from
sing AI mapping techniques for RE potential maps to predict the
roper locations for the expansion of RE source-based facilities
nd land protection. The optimized machine learning technique
s used to enhance the battery-based RE systems to reduce its5365degradation and environmental impact (Hannan et al., 2020d,
2018) (13.1). Moreover, according to Dhunny et al. (2019), the
genetic algorithm showed a good performance to find appropriate
areas for the construction of wind turbines with negligible effects
on forest, fauna, and flora, including migratory bird pathways,
which is also consistent with target 15.9.
On the other hand, 10 targets of the SDGs within the envi-
ronment group, which represent 37%, may be negatively affected
by RE development. However, their consideration is crucial. In
this regard, the most negative impacts come from marine RE.
In particular, tidal energy may act as an inhibitor for (15.4)
target when established on coastal estuaries or bays, and tidal
barrages can cause significant ecological effects on bird feeding
areas (Frid et al., 2012). Moreover, wave energy and offshore
































































idal stream energy collectors, including mid-water column, float-
ng, and seabed mounted devices, with a range of moving-part
onfigurations, resulting in a particular complex of possible en-
ironmental impacts for each device category (Alipour et al.,
020b; Lin and Yu, 2012). Looking to target 14.2, a potential
ositive impact on this target would be the use of RE to pro-
uce clean energy and to protect, conserve marine’s systems
ustainably marine environment. Marine RE plays a fundamental
ole in reducing anthropogenic CO2 emissions. These attributes
ill provide a reference to protect sea environmental change
nd achieve productive oceans (Willsteed et al., 2017; Bonar
t al., 2015). However, marine RE may have a negative effect
oward achieving the target 14.2 because these sources may
ncrease underwater noise and collision risk. During day-to-day
peration, underwater noise, electromagnetic field emissions and
ollisions or avoidance with the energy constructions represent
urther possible influences on coastal species, particularly in large
redators (Willsteed et al., 2017). Furthermore, the large-scale
ind farm and solar energy in some countries up a large space,
hereby leading to the cutting of trees and use of agricultural
ands (Schuster et al., 2015; Turney and Fthenakis, 2011). In the
ame context, they act as an inhibitor of achieving target 15.2 and
ub-target of 15.1 and 15.11. Overall, the RE may harm forests,
etlands, mountains, and drylands. The existing evidence base is
reater for some pathways (e.g., hydropower and bioenergy) than
thers (e.g., wind, solar, geothermal, and ocean), and the point
emains that the large-scale distribution of RE may have some
iodiversity tradeoffs (Gasparatos et al., 2017).
.2. RE utilization and social outcomes
The development of RE may also positively affect the attain-
ent of several SDGs in the Society group. In this context, from
2 targets within this group, 33 targets (41%) can be benefited
rom the RE source development. However, negative impacts
re identified with regard to 11 targets (41%). Moreover, the
merging role of AI for RE utilization can contribute toward
chieving 23 targets (28%) (Fig. 5). Importantly, based on the
lassification of the 17 SDGs into three groups, SDGs within the
ociety group include SDGs (1–7), SDG 11, and SDG 16. Looking
t SDG 7 (Affordable and Clean Energy), clear evidence shows
hat the utilization of RE sources will act as an enabler toward
he achievement of all targets (100%) within this goal without
ny negative impact. Moreover, the AI will affect the five targets
100%) within SDG 7 positively because of its ability to improve
he operation, efficiency, and development of RE to reduce energy
osts and emissions. For instance, Ivanovski et al. reported that
y 2050, the costs of RE were projected to be much lower than
on-RE (Ivanovski et al., 2021). Furthermore, the utilization of RE
esources will reduce the CO2 emission in the power sector to
pproximately 70% by 2050 (Khanna et al., 2016). Concerning AI
ole, the digital and intelligent energy systems, drawing on the
ver-increasing data on energy demand and supply, identifying
ho needs energy and who to supply it at the right time, in
he right place, and at the lowest cost will be possible (Yang
t al., 2019). Moreover, AI plays an important role in reducing cost
ccording to smart scheduling based on the weather condition to
uarantee the continuous power supply and enable consumers to
espond to load management signals when operated under the
upervision of a scheduling coordinator (Jones, 2018). For exam-
le, the fulfillment of target 7.2, calling to substantially boost the
E quota in the global energy mix, is strong evidence of the RE
ource utilization to achieve this target. In this regard, the share
f RE in the global energy mix was 8.6% in 2010 and increased
o 18.2% by the end of 2017 and then jumped to nearly 28% in
he first quarter of 2020 from 26% in 2019 and expected to rise5366to 45% by 2040. Furthermore, in 2018, the RE produced at least 1
GW of generating capacity in more than 90 countries, whereas
at least 30 countries exceeded 10 GW of capacity across the
globe (Global Status Report, 2021; International Energy Agency,
2020). These pieces of evidence confirmed without doubt that
RE utilization contributes toward achieving this goal. In addition,
toward achieving SDG 4, especially targets 4.1 and 4.4, this con-
tinuous growth of RE leads to the development of the industry
and what RE’s potential can mean for creating jobs and speeding
up economic development (Global Status Report, 2021). More-
over, RE-based remote teaching (schools and institutes electrified
by RE) would educate more students in underdeveloped coun-
tries with improved performance (Del Rio and Burguillo, 2009;
Carley and Konisky, 2020). Several youth and adults can work in
this sector and direct youth toward income-generating activities
in this sector because of the establishment of RE factories and
the prosperity of the RE industry (Wei et al., 2010). The RE
development can have a positive and tangible impact on jobs
because this energy is local in nature and can generally be made
accessible without heavy infrastructure being available (Colombo
et al., 2018). In sum, based on the published evidence, the follow-
ing social benefits, namely, local employment, job opportunities,
improved health, and consumer choice, can be achieved as result
of RE development.
Moreover, AI could support the use of Smart Grids, which
could increase the penetration of RE in the system (Ramchurn
et al., 2012). One more example, the advancement of RE can con-
tribute toward achieving target 6.4 via the use of solar PV energy
and/or hybrid RE in pumping the water from the underground
wells in the rural and desert areas and thus decrease the num-
ber of people who suffer from water shortages (Barron-Gafford
et al., 2019; Bertsiou et al., 2018). The AI can also be used for
managing the water pumping via an efficient way for irrigation
systems using optimization methods as proved by Chaouali et al.
(2018), who developed the fuzzy logic optimization to increase
the efficient use of water and reduce water waste. One more
example, the RE can act positively to target 6.1 calls to universal
and equitable access to safe and affordable drinking water for
all. In this regard, the World Health Organization (Bowen et al.,
2020; Freire-Gormaly, 2018) estimates that 760 million people
worldwide do not have access to clean drinking water. The areas
with the greatest water scarcity are generally off-grid, remote,
and have high solar irradiation. Therefore, a standalone hybrid
PV/wind energy system is an effective solution to continuously
power a submersible water pump (underground well) to produce
drinking water (Freire-Gormaly, 2018). For SDG 11, the use of
AI in smart cities is going to improve the cost-effectiveness of
new and existing energy infrastructure and increase the quality
of life (Yang et al., 0000). On the other hand, some evidence found
that RE utilization may act as an inhibitor toward achieving some
targets or sub-targets within the Society group, including 1.2, 1.4,
3.9, 4.4, 4.9, 6.6, 11.1, 11.8, and 16.2. However, no negative impact
was found within SDG 2, SDG 5, and SDG 7 (Table 1). In this
context, looking at target 3.9, called to decrease the diseases and
deaths related to toxic substances and pollution of air, soil, and
water, RE source, such as biomass may act as inhibitor for this
target. This is because it releases carbon monoxide, leading to
headaches, nausea, dizziness, and in high concentrations which
may lead to premature death (Freiberg et al., 2018; Subramanian,
2014). One more example is related to target 6.6, in which there
is weak evidence that the installation of RE farms such as solar,
wind, biomass, and hydropower may affect the water-related
ecosystems such as forests, wetland, and mountain/valleys espe-
cially large scale RE farms (Gasparatos et al., 2017). For instance,
cutting the wood for biomass energy operation, using the wetland
for solar/wind farms installation, etc. (Gasparatos et al., 2017;
Drechsler et al., 2017b).


















Fig. 5. Thorough evaluation of the effect of RE utilization at the SDGs within the Society group [SDGs (1-7), SDG 11 and SDG 16].Fig. 6. Thorough evaluation on the effect of RE utilization at the SDGs within the Economy group [SDGs (8–10), SDG 12 and SDG 17]..3. RE utilization and economic outcomes
The remaining groups or categories of SDGs relevant to the
conomy are described in Fig. 6. The five SDGs within the Econ-
my group are relevant to decent work and economic growth, in-
ustry, innovation and infrastructure, reduced inequality, respon-
ible consumption and production, and partnerships to achieve
he goal (SDGs 8, 9, 10, 12 and 17, respectively). Regarding the
conomic group, we have identified that the RE utilization could
ositively help achieve 30 targets (50%) out of the 60 targets
ithin this group.
The utilization and deployment of RE offer economic oppor-
unities from using direct labor from remote communities, local
aterials and enterprises, local owners, and local banks’ services.
urthermore, the projects of RE have facilitated the communities
y setting up a trust fund to invest the money earned by the
ale of energy to the local economy. Looking at SDG 8, economic
rowth, and decent work, the current studies demonstrate that
ncreased RE deployment contributes to economic development
nd jobs in manufacturing and structures. Based on the policy5367intervention enacted in different nations, jobs may grow from a
few thousand to more than one million by 2030 (Ferroukhi et al.,
2016a). The jobs created due to RE development are expected
to compensate for the loss of jobs in sectors, such as the fossil
fuels sector because the ones involved in the supply chain of
RE are typically more dispersed and labor intensive than the
traditional energy market. For example, solar PV creates approx-
imately twice the number of jobs compared with coal or natural
gas for every unit of electricity produced (Essletzbichler, 2012).
The achievement of target 8.3 can benefit from RE to create new
jobs. For instance, the RE added approximately 7.7 million jobs
across the globe in 2014, which China led with approximately
3390 jobs, based on IRENA report 2016 (IRENA, 2016). Likewise,
the transition to RE may positively impact the Dutch Economy
and is expected to create almost 50,000 new jobs by 2030, adding
almost 1% of GDP (Bulavskaya and Reynès, 2018), which act pos-
itively on target 8.1. In line with these facts, the expected effects
of the RE sources development on the economic sector for some
countries, including European Union, USA, UK, Japan, Germany,









































exico, Netherland, Chile, and Saudi Arabia is investigated in
etail in Ferroukhi et al. (2016a).
The RE options may considerably enhance the performance
f rural small- and micro-enterprises. In this context, the use
f RE emerges in the market for a rural house, biogas, and hy-
ropower for rural entrepreneurship and government programs
ed to greater attention financing, involving small-scale market
acilitation organizations, private power developer, and donor as-
istance, which may contribute toward achieving target 9.3 (Pfeif-
er and Mulder, 2013). Many evidences found from our search
onfirm that the RE will positively impact innovation, industry,
nd infrastructure (SDG 9). Moreover, concerning SDG 17, the
E may help in achieving some targets within this goal, such as
trengthening domestic resource mobilization as RE diversity of
ources began to widespread application, including developing
ountries (Surana and Anadon, 2015), thereby offering a new pol-
cy of taxes with respect RE technology to encourage investment
y citizens/individual or companies. Many organizations have
stablished RE projects, such as PV power plants for rural and
emote areas in developing countries (Freire-González and Puig-
entosa, 2019), improving the global partnership for sustainable
evelopment as the RE sector witnessed global collaboration in
erms of research, financial support, and economic aspect (Eitan
t al., 2019).
The emerging role of AI for RE utilization may help it achieve
ome targets (22%) within the economy group because (a) the
I, machine learning, and smart communication can be used to
ucceed this harmonization effort to have unique standards and
equirements concerning RE integration around the world (Al-
hetwi et al., 2020b; Carley et al., 2018) (target 17.14 and 17.6);
b) improvement and optimization (using AI) will enhance the RE
fficiency and production (Nabavi-Pelesaraei et al., 2016; Mar-
in and Saikawa, 2017) (target 12.11); (c) optimization of the
est to energy (WtE) technologies for treating of various waste
ractions in a medium-term future energy system considering
heir complex properties and optimizing both investments and
roduction. Optimization of routes, which include waste compo-
ents (i.e., food and yard wastes, non-biodegradable components,
ubber, plastic, textile, leather, and wood) are the optimized WtE
outes for maximum power generation potential by biochemical
nd thermochemical treatments of solid waste (Korai et al., 2016;
ubiyanto et al., 2012) (targets 12.4, 12.5); and (d) the AI, machine
learning, optimization, and smart communications have positive
impact on increasing RE productivity, reduce the cost, and intro-
duce innovation toward smart grid (Shen et al., 2020; Hannan
et al., 2020c,a) (target 8.1). Furthermore, fewer targets within the
Economy group (6 targets, 10%) can be impacted negatively by
RE. For instance, we have found evidence which confirmed that
no remarkable causal link is found between RE consumption and
total factor productivity (TFP) growth in the BRICS (Tugcu and
Tiwari, 2016). Marine RE can have detrimental environmental
effects because of the danger of collision, habitat destruction,
noise, and electromagnetic fields of RE devices (Shields et al.,
2011).
4. Role of AI in RE utilization
The emerging role of AI for RE utilization may help the latter
to achieve some targets within the Environment, Society, and
Economy groups by 22%, 28%, and 23%, respectively. This is due
to the ability of AI to improve the operation and efficiency of RE
sources and reduce the cost of operation and produced energy
as well as minimize their environmental impacts efficiently (Jha
et al., 2017; Srivastava, 2020; Hannan et al., 2020b). Given that
the intermittency and ambiguity of RE supply are major concerns,
emerging technologies, such as AI and machine learning provide5368plenty of opportunities to solve these concerns because they are
primarily intended to process unknown data (Kalogirou, 2007).
Moreover, in developed countries, the power sector has already
begun to use AI and related technologies that enable smart grids,
smart meters, and the Internet of Things (IoT) devices to in-
teract. Such technology can help enhance energy management,
efficiency, transparency, and the use of RE sources (Nižetić et al.,
2020). This step helps the RE to achieve many targets (i.e., 100%
of SDG 7 targets). Furthermore, the role of AI applications can
cover different areas of RE system, such as forecasting, emis-
sion reduction, cost-minimizing, robust and smooth control, high
power quality without fluctuation even when input is intermit-
tent, expansion of novel technologies for the optimal production
from available natural resources, awareness of the environment,
enhanced energy management, distribution of energy, and energy
delivery (Antonopoulos et al., 2020; Al-Shetwi et al., 2020a; Ah-
mad et al., 2021). For instance, an optimal scheduling controller
that uses AI optimization reduced the cost and emission in a
micro-grid system that consists of different RE sources by 2.6%
and 8.1%, respectively (Abdolrasol et al., 2018) (targets 11.6 and
13.1). It is founded that AI utilization in RE can assist in achieving
the future goals of the RE by developing accurate strategies in
the control, simulation, decision, and optimization of RE systems.
Toward achieving the SDGs, the use of AI in the RE based-power
sector is now reaching emerging markets, where it may have a
critical impact, as clean, cheap, and reliable energy is essential to
development. The issues can be overcome over time by shifting
knowledge of the power field to AI software firms. When properly
designed, AI systems can indeed be useful in automating rou-
tine and organized operations, thereby helping people to address
possible energy challenges in the future (Makala and Bakovic,
2020).
5. Toward sustainable RE utilization
As mentioned above, the accelerated deployment of RE has
been motivated primarily by a wide variety of goals (drivers),
including advancing economic growth, enhancing the security of
energy and access to electricity and alleviating climate change
(Lund, 2007). As explained in Fig. 2(a), the RE can achieve 100% of
the SDG 7 target (Affordable and Clean Energy). However, toward
sustainable RE utilization, the RE sources have to address some
limitations and negative impact (illustrated in Fig. 2(b) based
on the published evidence). At present, we have no access to
modern energy for 13% of the global population (Rehman, 2019).
In the same context, based on the UN report (UN SDG, 2019),
electricity is still unavailable for one in seven people. The bulk
of this population lives in the world’s developing rural areas (The
World Bank, 2019). Therefore, the development of RE resources
is theoretically enough to generate electricity and then fill the
current energy gap. In addition, the utilization of these renew-
able sources can contribute toward achieving many targets of
the 17 SDGs and provide multiple long-term benefits, including
job creation, energy security, economic prospects, environmental
development, and global warming prevention (Armin Razmjoo
et al., 2020). However, no clear vision in this regard is presented
across the world, especially in terms of economic support (SDG
8) to date. The reason may be because no noteworthy causal link
is found between RE consumption and total factor productivity
(TFP) growth (target 8.2). In contrast with non-renewables, en-
ergy consumption engenders have favorable externality that leads
to economic growth (Tugcu and Tiwari, 2016). Furthermore, the
integration of RE sources into the electrical grid still suffer from
the existence of unique standards across the globe to regulate
its connection efficiently toward a secure, reliable, and economic
integration (Al-Shetwi et al., 2020b). Moreover, the RE strategic






























































































olicy shall cover four key aims: security of energy, social eq-
ity, economic benefits, and protection of the environment (Liu
t al., 2019). Some studies concluded that despite the advan-
ages of biomass as RE source, its utilization might act as an
nhibitor for the target (3.9) because it releases carbon monoxide,
hereby leading to headache, dizziness, nausea, and premature
eath (Freiberg et al., 2018; Hamouda et al., 2020). In addition,
iomass and other sources, such as solar farms, can affect the
cosystems (target 6.6) by cutting the wood for biomass energy
peration and using the wetland for farm installation (Gasparatos
t al., 2017; Hodges et al., 2019). Therefore, an urgent solution
o these negative effects should be addressed. Furthermore, the
arine RE could have negative environmental impacts with re-
pect to SDG 14 (life below water), resulting from habitat loss,
ollision risks, noise, and electromagnetic fields of the RE de-
ices (Inger et al., 2009). The marine RE can affect SDG 14 and
DG 15 through (a) increased underwater noise and collision
isk (Caine, 2020); (b) during day-to-day operation, underwater
oise, emission of electromagnetic fields and collision or avoid-
nce with the energy structures represent other potential impacts
n coastal species, particularly large predators (Suryakiran et al.,
020); (c) offshore wind energy and tidal energy may cause a
mall amount of acidification during the construction, operation
nd/or decommissioning (Gill, 2005); and (d) in spite of the fact
hat wind energy system is low-polluting, it involves spatial ten-
ion and can affect ecosystems, including fish, aquatic mammals,
nd birds (Hagos, 2007). Therefore, these negative impacts and
imitations of RE should be addressed toward sustainable RE
evelopment and toward achieving more SDG targets.
. Conclusion
The need for more urgent and intensive action to combat
limate change and ensure sustainable growth is widely recog-
ized. In support of this target, the development of the renewable
nergy (RE) industry has been increased dramatically, along with
mproving its efficiency using artificial intelligence (AI). However,
heir impact on achieving the sustainable development goals
SDGs) is not sufficiently covered. Therefore, this study discussed,
nalyzed, reviewed, and explored how the RE use including the AI
pplications can positively or negatively affect the achievement
f the adopted 2030 agenda for sustainable development that
ncludes 17 SDGs with their 169 targets. In this assessment, the
7 SDGs were divided into environment, society, and economy
roups. These three groups are the key pillars of sustainable
evelopment. The method used to achieve the objectives of this
tudy, an expert elicitation method-based consensus is used. The
esults have shown that the RE can positively affect the achieve-
ent of 75 targets (44.3%) of all SDGs, but it may negatively
mpact the accomplishment of 27 targets, which represent 15.97%
f all targets. The results have also shown that the AI application
an positively help the RE achieve 42 targets (24.85%). Within
he three groups of SDGs, the development and utilization of RE
an positively affect the achievement of 45%, 41%, and 50% of the
nvironment, society, and economic targets, respectively. On the
ther hand, it acts as an inhibitor toward achieving 37%, 14%, and
0% of the environmental, economic, and society targets, respec-
ively. In terms of using AI in RE applications, AI can positively
ffect the achievement of 23%, 28%, and 22% of the environment,
ociety, and economic targets, respectively. For the rest, no pieces
f evidence are found. However, with the current development
nd exponential growth of RE share and AI, along with addressing
ertain present limitations, these impacts may cover additional
argets in the future toward sustainable development and clean
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